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$\nabla\cdot u=0$ , $\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla p+\nu\Delta u+f$
. , Reynolds
. /
1970 80 , ,
(Feigenbaum 1978 [1]), Ruelle Takens (Ruell, and Takens 1971 [2], Newhouse,
Ruelle and Takens 1978 [3] $)$ , (Pomeau and Manneville 1980 [4])
. , 2 $\pi$
$(R^{3}/(2\pi Z)^{3})$ , ,
Reynolds . Reynolds

































( ), $10_{\overline{\succ f}}/\_{f}^{\vee^{*/^{\ovalbox{\tt\small REJECT}}}}\backslash /\backslash \triangleleft$ $4^{1}!$
$463 \frac{\prime/rd}{}\llcorner$ $\dot{\overline{1_{1}}id}\neg$
2
. Kolmogorov $c_{t^{1}}$ $1d$ $10$ ’
$1’\nu$
(1941 [6]) ,
, 3: $R_{\lambda}$ $V$ [5]
( ) , ,
, $\epsilon$
$\nu$ . , $v=f=0$ Navier$\cdot$Stokes
(Euler ) .




$)$ . $E(k)=C_{kol}\epsilon^{2’ 3}k^{-5/3}$ (Kolmogorov





, Kolmogorov $\zeta_{p}=p3$ . , $\epsilon$










Kolmogorov $l_{d}\sim V^{3/4}$ .
$L$ ,
$(Ll_{d})^{3}\sim\nu^{-9’ 4}\sim R^{9’ 4}$
. , , 3
Navier$-$Stokes , Hausdorff $CR^{9’ 4}$ $(C$
$)$ ( ) (Constantin, Foias,
























$( \frac{d}{dt}+Vk_{n}^{2})u_{n}=i(k_{n}^{*}u_{\hslash+1}u_{n+2}^{l}-k_{n-2}^{*}u_{n- 1}u_{n+1}-k_{n- 3}^{l*}u_{n- 2}u_{n- 1})+f\delta_{n,4}$
$k_{n}=k_{0}2^{n}$ ( $k_{0}$ ) . $u_{n}$ $k_{n}$
( ) , $1\leq n\leq N$
$u_{n}$ . $v$ , $*$ , $f$
, 4 .
$2N$ $(V=0)$ $E= \sum_{n}[l_{n}|^{2}$ $H= \sum_{n}(-1)^{n}k_{n}|u_{n}|^{2}$ (
) , $E_{n}=|u_{n}|^{2}(2k_{n})$ .
$\mu$
5: [9] 6: [10]
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(Lyapunov ),
Kolmogorov 5/3 ( 5),
( 6) . $\zeta_{p}$
$\langle|u_{n}|^{p}\rangle\sim(1’ k_{n})^{\zeta_{p}}$ ( $\langle\cdot\rangle$ ).
4
4 – 1 :LyapunOV
20$\sim$50 ,
,




. 7 Lyapunov $j$ ,
$j$ Lyapunov $\sum_{n=1}^{j}\lambda_{n}$
(Lyapunov ). 7 :Lyapunov [9]
Lyapunov , $A|$ Lyapunov




8: Lyapunov [11] 9:
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$)$ . Lyapunov Lyapunov
. , Lyapunov 8 ( ) ,
Lyapunov . ,
9 , Lyapunov $j$ $k_{n}$
. Kolmogorov , $k_{n}$ ,
Lyapunov ( 1/ ) , $j$ Lyapnov
$\lambda_{j}=C2^{-2j’ 3}$ ( $C$ )
. , Kolmogorov Reynols ,
$varrow 0$ Lyapunov ,
. Lyapunov $H$ (Kolmogorov )









, $k$ $2k$ Lyapunov $\lambda$ Kolmogorov
$\lambda\sim k^{2’ 3}$ , $N$ $N\sim 4\pi k^{2}\cross k\sim\lambda^{9’ 2}$
$dN\sim\lambda^{7’ 2}d\lambda$ , 3 Navier$\cdot$Stokes Lyapunov $P(\lambda)$
$P(\lambda)\sim\lambda^{7’ 2}$




Lyapunov Kolmogorov , ,
Kolmogorov , . ,
Navier$-$ Stokes ( (10 ))
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$\zeta_{p}=p\prime 3$ ( 13) , Kolmogorov




3 , Kolmogorov ,
( 12). ,
( 10),

























, Lyapunov $0\alpha$ . $||^{\{*Ij(}$













Kolmogorov , 14: Lyapunov [15]
,
. Kolmogorov
( ) , Kolmogorov .
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$\bullet U$.Frisch: Turbulence, The Legacy $ofA$.N.Kolmogorov, Cambridge Univ. Press, 1995.
$\bullet P.A$.Davidson: Turbulence, An introduction for scientists and engineers, Oxford Univ.
Press, 2004.
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